03/02 DOS 



19 FEBRUARY 2004 1 9- 0^^0 A 



PA 1111007 




I 



Uim^D STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Officer- 



January 05, 2004 



REC'D 10 



TfflS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW n>ENTIF[ED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 60/436,022 
FILING DATE: December 23, 2002 



PRIORITY DOCUMENT 

SUBMITTED OR TRANSMTITED m 
COAIPLIANCEWITH 
RULE 17.1(a) OR (b) 




l^^^^.'jVf^;.'? By Authority of the 




M.K. 
Certifytag Officer 



ro 



Please type a plus jBign (4) inside thte box ^f+J 

^= OTVsIld OMB control number. ^ ^"^^^ '«®Pond to a collection of Wdrmatfon ■ 

^m:£f^OVISIONAL APPLICATION FOR PATENT COVeit <?M»i- A|t>»<vl 

INVENTOR(S) 



^en Nsme (first and middle (If any]) 



FamByName or Surname 



PARSON 
GRAY 
MAROIS 
RAMA3«A» 



Nicholas 
Alan 

Pierre J3L. 

Thiagargjm ^ 

□■ l ' — ^ — : {North Ro yalton'T m»4^ 

,TrrLE OF THE INVENTIOM /^pn ^..^p^^-r, 



Residence 
(Qty and ellh er State or Foreign Country^ 



Banbury, England 
Banbury, England 
Kingston. Ont^o^ Canada 
Worth Roy altonT m.^^ 



AtDMUniM AliOT TDBE AND FIN ASSEMRTv 
HAVING C.«OS^ 



I Dlted all, correspondence to: 
j I Customer Number V 



CORRESPONDENCE ADDRESS 
► 



OR 



Firm or 

Indivgduat Name 



I Address 



Address 



Type Customer Number here 



Place Customer Numijer 
Bar Code Label h&B 



State 



I f^ SpedflcationA/umderoAPa^es 
[ 1 ) Drawlng(s) A/umtoro/5/7ee£? 



JSA iTelephone I^9 i2-| pvft^nAnr Fax 

ENCLOSEDAPP^ PARTS (check all tttBiLi^M 



ZIP 



12 



I I Small Entity Statement 
Other (specify) 



Label No. 
422 497 PS 



»J.OD O,- PAn«NT FILING .EES FOB TH.R PHO.«,ICN« «p. 

I [3 A check or money order is enclosed to cover the fiOng fees RUNG FEE 

AMOUNT Zip) 



n Commissioner Is hereby authorized to charge filing ^ 

l_J fees or credit any overpayment to Deposit Account Numbeij 03-3125 



] 



I Si Na 

• a Yes, .he nam. Of the U.& Govern agency and me Government comrac, number ara: 



RespactMfy submitted, 
SIGNATURE. ^'^ 



Date 



12/ 23 / 02 



^ ^ 

TYPED or PRINTED NAME ^^'i'^TnphrT C Thmhiun 



REGISTRATION NO. 
(If appropriate) 
Docket Numben 




g 
111 



TELEPHONE . , , , 

USE ONLY FOR FILING A PROVISIONAL APPnrA-m^^^^^^^ 

TOs collection of InfomiaBon is required by 37 5r 1 Si ^I^r . AFPLICA TION FOR PA TENT 
and/or suppesOons for FedScno «,is MS s1.^1iw^tS.^»"r^^^^^^^ WS^eS ^bS' 



Dkt. 68738 CCD 



JiffT THE PNTTED STATRS PATRMT AMn TRAnBMai^^ Q^^TrT 

Applicants : Nicholas Parson- <§t al . 

not yet assigned 
currently herewith 



Serial No. 
Filed 
For 



ALDMINOM ALLOY TUBE AND PIN ASSEMBLY FOR HEAT EXCHANGERS 
HAVING IMPROVED CORROSION RESISTANCE AFTER BRAZING 



BXPI^BgS MATT. T.BTTBR Qg T RAMSMTTTUT^ 

1185 Ave. of the Americas 
New York, N.Y. 10036 

Hon. commissioner of Patents and Trademarks ^^^^"^^^ ^3, 2002 

Washington, D.C. 20231i 
SIR: 

I hereby certify that the above -identified Provisional 
application (consisting of 12 pages, provisional application 
cover sheet + fee check for $160) is being deposited with the 
United States Postal Service "Express Mail " Post Office to 
Addressee" service under 37 C.F.R. §l.io on the date ' indicated 
below, and is addressed to the Assistant Commissioner for 
Patents . 




Depos 

Express Mail mailing label No. EL 006 422 497 us 



Mai^3r5oom Employee -^y/yj y^/^/^ 
lieing Express Mail-1>feterial ^ 



Date of Deposit :^ 

Attorney fdr Applicants 

Christopher C. Dunham, 
Reg. No. 22,031 
COOPER & DUNHAM LLP 
Tel. (212) 278-0400 



10 



AiOMlMDM AUbOX TUBS 16X03 FIN ASSEBJBr.Y FOR HEAT SXCSaNGSRS 
BhymStG JMSPSCfVBD COBJtOSION KBSISXAHCB AFXER BRAZZK6 

Field of the Invention 

This invention relataa to extruded alumlnuitt alloy 
products of improved corrosion resistance. It particularly 
relates to extruded tubes for heat exchangers having iiis>roved 
corrosion resistance after bra2sin0 iidien paired with a 
compatible finstoc^: 

Backcprotmd of the Invention 

Commercially produced aluminum microport tubing for use 
in brazed applicatians is generally produced in the following 
manner. The extrusion ingot is cast and optionally 
homogenized by heating the metal to an elevated temperature 
and then cooling in a controlled manner. The ingot is then 
15 reheated and eixtiruded into iaicr<^rt tubing. This is 

generally theimally grayed with zinc before quenchi^, drying 
and coiling. The colls are then unwound, straightened and cut 
to length. The tubes obtained are then stacked with 
corrugated fins clad with filler metal between each tube and 
20 the ends are then inserted into headers. The assemblies are 
then banded, fluxed and dried. 

Tbe assemblies can be exposed to a braze cycle in batch 
or tunnel furnaces. Generally, most coadensers are produced 
in. tunnel furnaces. The assemblies are placed on conveyor 
belts or in trays that progress through the various sections 
of the furnace until they reach the brazing zone . Brazing is 
carried out in a nitrogen atmosphere. The heating rate of the 
assemblies depends <^ the size and mass pf the unit but the 
heating rate is usually close to 20-c/min. The time and 
teniperature of the brazing cycle depends on the part 
configuration but is usually carried out between 5S5 and fiio^c 
for 1 to 30 minutes. 



25 



30 



A difficulty with the use of aluminum alloy products in • 
corrofiiv^ environments, such as automotive heat exchanger 
tubing, ie pitting corxosion. Once small pits start to form 
corrosion actively concentrates in the region of. the pits, so 
5 that perforation and failure of the alloy occurs much n«,re 

rapidly than it would if the corrosion were more general. With 
euch a large cathode/anode area ratio, the dissolution rate at 
the active sites is very rapid and tubes manufactured from 

. cooventioaal alloys can perforate rapidly, for example in a-s 

10 days in the SWAAT test. 

Zinc coating applied to the tube after extrusion acts to 
inhibit corrosion of the tube itself. However during the b«ee 
cycle, the 2n layer on the extruded tube starts to melt at 
around 450-c and once molten, is drawn into the fillet/tube 
IS joint through capillary action. This occurs before dhe Al-sl 
Cladding (fin material) melts at approximately S70-C and «e 
result the tube-to-fin fillet becomes enriched with 2n 
renderixxg it electrochemlcally sacrificial to the surrounding 
fxn and tube material. A problem with thermally spraying with 
20 3iuc- before bracing is therefore that the bz«.e fillets become 
zxnc enriched and tend to be the. first parts of the units to 
corrode. As a result, the fins become detached from the tubes 
reducing the thex^al efficiency of the heat exchanger, m ' 
addition to these physical effects, any enrichment of the 
'.5 fillet region with Zn has the effect of reducing the thermal 
cc^ductivity of the prime heat transfer interface between the 
tube/fin. There is also a desire to move away from the use of 
elnc for cost savings and for wor]q,lace environment reasons 
m an assembly of bra«d tubes and fins, it has been 

0 t=o advantageous to have the fins corrode ^4rst ana 

thereby galvanically protect the tubes. Most fin alloys used 
With extruded tubes are clad alloys where the core alloys are 
exther 3XXX or 7«oc series alloy based and contain some zinc 
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protection. By making the fin sufficiently electronegative, 
t:he tubes to which the fins are brazed can be protected, in 
this way, if the zinc content o£ t:he fin is raised 
sufficiently- However , this has a negative impact on the 
5 thermal conductivity of the fin and on the ultimate 

recyclability of the unit. Furthermore, if the fin material is 
too electronegative it can corrode too fast and thereby 
compromises the thearmal performance of the entire heat 
exchanger « Corroslm potential and the difference between 

IQ corroeion potential of tube and fin have been frequently used 
to select tube and fin alloys to be galvanically compatible 
(so that the fin corrodes before the tube) . This technique 
serves to give an approxitnate galvanic ranking. In order to 
obtain a true determination of the performance of such 

15 combinations it has been found that a measurement of the 
direction and magnitude of the galvanic current permits a 
better determination of ultimate performance. Little attempt 
has been made to optimize the tube-fin combination in heat 
exchangers based on extruded tubes through the use of 

20 appropriate alloys alone, the use of zinc cladding being 

widely used instead. One cpnst2::aint on such optimization is 
that it still also must be possible to extrude the tubes 
Without difficulty. 

Anthony et al., U.S. Patent 3,87B,871, issued 

25 April 22, 1975, describes a corrosion resistant aluminum alloy 
composite^ material comprising an alwinum alloy core 
containing from 0.1 to 0.8% manganese and from 0.05 to 0.5% 
silicon, and a layer of cladding material which is an aluminum 
alloy containing 0.8 to 1.2% manganese and 0.1 to 0.4% zinc. 
■ 30 Sircar, U.S. Patent 5,785,776, issued July 28,1998, 

describes a corrosion resistant AA 3000 Series aluminum alloy 
containing controlled amounts of copper, zinc and titanium. 
It has a titanium content of 0.03 to 0.30%, but this level of 
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titianxum raises the pressures required for extrusion, which 
will ultimately lower productivity. 

In Jeffrey et al., U.S. Patent 6, 284, 386 , issued 
September 4, 2001, extruded aluminum alloy products having a 
5 high resistance to pxttixig corrosion are described in which 
the alloy contains about 0.001 to 0.3% zinc and about 0.001 to 
0.03% titanium. The alloys preferably also contain about 
0.001 to 0.5% manganese and about 0^03 to 0.4% silicon. Hiese 
extruded products are particularly useful in the form of 
10 extruded tubes f6r mechanically assembled heat exchangers. 

It is an object of the present invention to provide 
bra2sed extruded aluminum alloy tiibing for heat exchangers 
having adequate corrosion resistance without special 
. treatments, such as thermal spraying of the surface with zinc, 
15 and also being galvanically compatible with fins joined 
thereto • 

It is a fiirther object of the present invention to 
provide a brazed heat exchanger aesembly consisting of 
extruded tubing and fins in which the . tubing alloy is 
20 optimized to minimize self corrosion and so that the heat 
exchanger is protected from overall corrosion by a slow 
corrosion of the fins. 

Sxxmmary of the Invention 

The present invention in one embodiment relates to an 

25 aluminum alloy for an extoruded heat exchanger tube comprising 
0.4 to 1,1% by weight manganese, preferably 0.6 to 1-1% by 
weight manganese, up to 0.01% 3by weight copper, up to 0.05% by 
weight zinc, up to 0.2% by weight iron, up to 0.2% by weight 
silicon, up to 0.01% by weight nickel, up to 0,05% by weight 

30 ticanium and the balance aluminum and incidental iicpurities. 

Purther embodiments comprise an extruded tv!b& made from 
the above alloy and such a tube when brazed. 
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In a yet further embodiment, the inirention relates to a 
brazed heat exchanger comprising joined heat exchanger tubes 
and heat exchanger £ins, where the tubes are extruded tubes 
made from a first alloy comprising the aluminum alloy 
5 described above and the fins are fosrmed from a second alloy 
comprising an aluminum alloy containing about 0.9 to 1.5% by 
weight Mn and at least 0.5% by weight Zn, or an aluminum alloy 
o£ the AA 3000 series « e.g. an aluminum alloy of the 2iA 3003 
^ype, with this second alloy further containing at least 0.5% 

10 by weight zinc. 

It appears that the above unique combinatiion o£ alloying 
elements for the tubes gives xmexpectedly good self anti- 
corrosion results for the tubes without the need for any 
coating of zinc* Also fay keeping the manganese content of the 

15 tube alloy within 0,8% by weight o£ that of the fin, the fin 
remains sacrificial, thud protecting the tube and the galvanic 
corrosion current remains relatively low so that the fin la 
not corroded so rapidly In service that the thermal 
performance of the assembly is compromised. 

20 The above combination of aluminum alloy fins and extruded 

' tubes when assetiibled and £u3:nace brazed exhibit a very slow 
and uniform corrosion o£ exposed fin surfaces, rather than 
localized pitting of the t\2be. The Invention is particularly 
useful when the tubes are microport tubes and the assembly has 

25 been fuimace brazed in an inert atmosphere. 

Description of the Preferred Bmbodiments 

According to a preferred feature, the fin alloy has less 
than about 0.05% by weight of cqpper to make it galyanically 
compatible with the amoune of copper ' in the extruded tube. 
30 When a brazed heat: exchanger la manufactured with these 

alloy limitations, the heat exchanger tubes can be used 
•without a zincating treatment. The heat exchanger tube does 
not show self -corrosion in areas remote from the fins (e.g. in 
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between the header and fin pack) , and the fine conode before 
the tubing but at a rate sufficiently slow to ensur^ 
performance of the heat exchanger is maintained for extended 
. periods of time. 

Manganese in the tiabe alloy in the amount specified 
provides for good self -corrosion protection, along with 
adequate mechanical strength yet still permits the tubing to 
be easily extruded. If the manganese is less i->ip ti o.4% by 
weight the tube itself can corrode when coupled with the fin, 
and if greater than 1.1% by weight the extrudability of the 
material is adversely affected. «hen the manganese levels in 
the tube and fin differ by less than 0.8% by weight (and 
preferably by less Chan 0.6% by weight) then the fin remains 
sacrificial to the tube, the corrosion current remains low and 
therefore the rate of fin corrosion is acc«qptable. To meet 
compatibility requirements under a broad range of conditions, 
it is preferred that the manganese level in the tube therefore 
be greater than 0.6% by weight. 

A particularly preferred tube alloy composition contains 
0.9 to 1.1% toy weight of manganese, since this represents an 
alloy that can be extruded into the desired tubes whilst 
minimizing the manganese concentration differences between 
tube and fin. 

The relative manganese content of the fin and tube alloys 
can also be expressed by the measured galvanic corrosion 
current. The measured galvanic corrosion current, from the fin 
to the tube most preferably exceed +0.05 microan^s per square 
centimeter wb^ measured via Jksrm G71-81. 

The zinc content of the tube must be maintained at a low 
level to ensure that the fin remains sacrificial to the tube. 
Even relatively low levels of zinc can alter the galvanic 
corrosion "current and thereby alter this sacrificial 
relationship. The zinc must therefore be kept at less than 
0.05% by weight, more preferably at less than 0.03% by weight. 
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Iroh, silicon, copper and nipkel all contribute to eelf- 
corrosion of the tube and therefore must be below the stated 
levels- in addition, iron above 0.2* by weight reaults in 
poor extrusion surface quality. 
.5. Titanium additions to the alloy make it difficult to 

extrude and therefore the titanium should be leas than 0.05% 
by weight. 

The alloy billets are preferably homogenized between S80 
and S20OC before extrusion into tubes. 

10 Example: 

Tests were conducted using the alloys listed in- Table 1 

below: 
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Table X 



Alloy 



Cu 



<.00l 



0.0i4 



0.015 



0.001 



0.015 



<.O01 



0.006 



0.006 



Pe 



0.09 



0.07 



0.51 



0.08 



0.09 



0.08 



0-11 



0.10 



*;.001 



<-001 



0.051 



<.00l 



<.001 



'.OOX 



0.001 



0.0O2 



0.22 



0.23 



0.33 



0.98 



1.00 



0.98 



0.42 



0.63 



<-001 



<:.001 



0.001 



0.002 



<.001 



0.001 



0.001 



0.001 



Si 



0.058 



0.07 



Ti 



0.017 



0.32 



0.064 



0.07 



0-071 



0,078 



0.079 



O.O08 
0.014 



0.014 



0.007 



0.008 



0.023 



0.021 



Zn 



1 



0.00^ 



0.17 



0-007 



0.18 



0.18 



0.005 



0.027 



0.029 



miese alloys were cast into 152 mm diameter billets. 
Alloy C was a eommercial 3102 alloy. The billets were further 
machined down to 97 mm in diameter and homogenized between 580 
and 620»C. They were then extruded into tubes. Samples of the 
tubing were subjected to a Bimulated brazing process and then 
subjected to a SWAT test using ASTM standard (585 Annex 3 and 
galvanic corrosion currents were measured against a standard 
fonotock material manufactured from AA3003 alloy containing 1 
1.5% by weight added ^inc and clad with AA4043 alloy that had 
alsQ been given a simulated braze cycle, in accordance with 
ASTM G71«81. The results are shown in Table 2 below- 
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Table 2 



B 



P unhompgenlaed 



c zincated 



SWAAT life 
(days) 



56 



<20 



56 



<20 



Galvanic cor-rosion current 



-3.2 



-2.4 



56 



21 



56 



0.2 



3.1 



-26.9 



20 



* +ve corroBlou current = current flow from fin to tube 
-ve corrosion current - current flow from tube to flxt 

Th« result. Of a teat carried out on a zincated 3102 tie 
{e.g. Alloy c. Extruded and zincated) are shown for 
aou^ariaon. in Table 2. a SWAAt life of 56 daya indicated no 
perforation of the tube by aelf-corrosion .nd a positive 
galvanic corrosion current Indicates that the fin corrodes 
preferentially. A small value indicates a low rate of 
aorroaloa, A sai.i,le of alloy P was also extruded without : 
homogeaiaation and subjected to a SWAAT test. 

Alloys A, D havo compositions outside the claimed ^range i 
They nevertheless show e«:ellent ^ pe.for„^ce indicatL, 
that for self -corrosion these alloys would be also be 
acceptable even when the m is less than the range of this 
invention, it is believed that this is a result of the low 
and i« these alloys. The amount of Mn present has 
no sxgnxfxoant effect on the self-corrosion behaviour. 
However, the galvanic corrosion current is unacceptable for 

levels that are too low In one case and zinc levels that are 
too high the other. Both these eL^ents are important^ 
acceptable performance of the fin-tube galvanic 
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Allpya B am} S have copper outside the desired range ask 
show poor fiWAJCT results, indicating that alloys with suoh a ' 
copper level would suffer from excessive self -corrosion, 
whether or not the mangaziese coa^josition met the requirements 

iaioy D has a zinc level that exceeds the desired range 
and shows that although the tnanganese level is within, the 
desired range, the fin-tube galvanic corrosion current is 
negative and the t\ibe would therefore corrode first. The I 
self -corrosion performance (SWAAT test) is aceeptatole, but 
because of the fin-tube galvanic corrosion, the overall 
assembly would fail. 

Allays F, G and H are alloys lying within the claimed 
range. Allpy f exhibits acc^table performance on all 
aspects. Alloys G and H show good galvanic corrosion 
behaviour, and lack any significant levels of elements that 
«ould give poor smia: performance. 

Alloy F in un-homogenized condition however, shows 
unacceptable SWAAT performance indicating that homogenizaticax 
of the product is preferable. 

Finally Alloy C was a standard tube alloy and was tested 
in zinc-coated form. Aa expected this genre good SWAAT 
performance, since the zinc overcomes the negative effects o^ 
elements such as copper. However, Che galvanic corrosion ! 
current indicates a poor performance of the fin- tube couple.! 
Alloy c had manganese less than the desired range and the zihc 
coating introduces levels of zinc that are detrimental to ) 
galvanic corrosion current as well. 
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1- An aluminum allov for- h^***. 

0 4 fcn 1 u ^ ^Changer tubing con^riaing 

0 o« K ! " "•*Sbt: nlcfcel, „ to 

Incidental impurities. 

mtruOai into tubiiig and brazed. 

alloy conprieliig 0.4 to 1 l» in, _.4„v.. ^ 

by .eight co™=^ '>5r.«o»9ht "an^anese, to 0.01% 

we-Sht Iron, up to o.2t by weight eiUcon. ^ to 0 ox. b„ ' 
•»i3ht motel, up to 0.05* by ««labt tl». - 

.lu^inu.. ... l„.ide«.l '«^'°r 
l^'^ ^at ««ha=ser ..««bly «™p.l.l„, 

.^r:: atLt'i'"" - 

a Of a first aluminum alloy conajrieing 0.4 to l i* 

'"^'^^^'^^ ^r^^±t±.s and the fin. a.a ' 
fonned Of a second aluminum alloy selected from the ^oJ 
consisting of an alloy comprising 0 9 to 1 s* 1 T 

niangaaese and an allo^ of 1 ^ 

an axioy of the AA 3000 seriec, 
aluminum allov seraes. said second 

a brazed t«ba. «a,ibit eorrosion 
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to the tubes. 

A brazed he^t e^chax^er assend,ly according to claim 5 
wl^ereln the difference between .he ^anga^ese content of «xe 
f,rst aluminum alloy and the n^ganese content of the second 
alumanum alloy is less than 0.8% by weight. 

7. A brazed heat exchanger assembly accox;ii„g to claim 5 
Wherein the second alumimxm alloy contains less than 0.05% bv. 
weight copper- «-u&« jsy 

8. A brassed heat exchanger assembly according to claim 5 ) 
wl^erei^ the AA 3000 series alloy is an AA 3003 alloy. ' 

B. A bra:.ed heat exchanger assembly according to claim € 
Where the galvanic curr^t from fin to tube is greater than 
+0,05 mxcroamps per square centimeter. 

xo. A brassed heat exchanger assembly according to claim 5 
^ere the first aluminum alloy contains between 0.6 and i i% 
ay weight tnanganesd. 

11. A bra=:ed heat exchanger assembly according to claim 5 
wl^e the first aluminium alloy contains between 0.9 and x 1% 
by weight manganese. « 
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Extruded tubes for heat axchangers have i«5>roved corrison 
^resistance when used alone and when part of a brazed heat 
exchanger assen^ly with compatible finstock. The tubes are 
formed from a first aluminum alloy comprising 0.4 to jyy 
weight manganese, up to 0.01% by weight copper, up to 0,05% by 
weight zinc, up to 0.2* by weight iron, up to 0.2% by weight 
sili<»n, up to 0.01% by weight nickel, up to 0.05% by weight 
titanium and the balance alumina and incidental impurities 
The fins are formed from a second aluminum alloy containing 
0.9 to l.Sft by weight manganese or an alloy of the aa 3000 
aeries, this second aluminum alloy further containing at least 
0.5% by weight zinc. 
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